The Investigation of Insulation Breakdown Strength for the Nano-composite Oxide Doped Epoxy Resin Insulator by Using Positive Impulse Voltage in Comparison with Negative Impulse Voltage  by Xayyavong, Mingkhouan et al.
 Procedia Computer Science  86 ( 2016 )  389 – 392 
Available online at www.sciencedirect.com
1877-0509 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Organizing Committee of iEECON2016
doi: 10.1016/j.procs.2016.05.039 
ScienceDirect
2016 International Electrical Engineering Congress, iEECON2016, 2-4 March 2016, Chiang Mai, 
Thailand 
The investigation of insulation breakdown strength for the 
Nano-composite oxide doped epoxy resin insulator by using 
positive impulse voltage in comparison with negative impulse 
voltage 
Mingkhouan Xayyavonga, Kittipong Tonmitra*, Norrawit Tonmitrb, Eiji Kanekob 
aDepartment of Electrical and Electronics Engineering, Faculty of Engineering, Khon Kaen University, Khon Kaen, Thailand 40002 
bDepartment of Electrical and Electronics Engineering, Faculty of Engineering, University of the Ryukyus, Okinawa, Japan 903-0213  
Abstract 
This article presents the nano-composite oxides in dielectric materials which are suitable for increasing the efficiency of the 
destruction of strength and durability against voltage. Tests were conducted to compare the characteristics and details of epoxy 
resin materials doped with nano zinc oxides by using positive and negative impulse standard voltage to test the destruction of 
specimen in order to make insulators more efficient and durable against the positive and the negative impulse voltage. This 
research also studied the abilities of nano-composite oxides to be used as electrical insulators - epoxy resin doped with zinc 
oxides nano-composite in ratios of 0, 5, 10, 15 and 20% by weight. After that, there were destruction tests by using impulse 
voltage at levels of 75, 90, 98, and 115 kV connected to the specimen’s electrodes immersed in oil transformer by using each 
voltage level against specimen usage in each of the aforementioned ratios to investigate the damages on insulator surfaces and the 
number of breakdowns. In viewing damages on insulator surfaces, microscopes with magnification levels of 20-800X were used. 
From experimental results, it was found that regarding specimens used to doped an epoxy resin with zinc oxides nano-composite 
and each level of standard positive impulse voltage, in the first round of voltage feeding it was observed that the period of 
specimens surface destruction was higher than when negative impulse voltage were used, and the breakdown occurrences were 
also faster increasing than that the of standard negative impulse voltage were used. In conclusion, a 5% doped epoxy resin with 
nano-composite zinc oxides tested with negative impulse voltage has better properties as an insulator than other samples in ratios 
of 0, 10, 15, and 20%, respectively, as the 5% ratio has a breakdown occurrences also happened later with smaller periods of 
insulator surface destruction in the first round of voltage feeding than the other cases. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
In high voltage dielectric system design, it normally uses an epoxy resin technology to be an insulator material in 
different conditions. When insulator materials contacted with large electrical tension, insulator properties will be 
decreased as usage period. Thus, there was need to design and developed insulator materials for using in long period 
hours. To design and develop an insulator, Masahiro Kozako [1] had done the tests by doped nano-fillers in ratios of 
2, 4, and 5%, which were tested by using partial discharges according to IEC electrodes. When used scanning 
electron microscopes and atomic force microscopes, it was found that on the surface of the sample with nano-fillers, 
small-sized roughness was higher than that of samples without nano-fillers. The weight ratio of 2% was seen to be 
sufficient for improving rough surfaces; this can also be explained that differences in the roughness of deteriorated 
surfaces were because partial discharges in the examples were from differences in structure. Due to the study results, 
outcomes have shown that polyamide nano-composites became more resistant with partial discharge. A research 
article by Lewis [2] mentioned the opening of nano-fillers in insulator materials to enhance electrical and mechanical 
properties of thermal nano-composite insulators. Furthermore, manufacturing techniques improved due to the birth 
of nanotechnologies that affected the renewal of the focus of researcher groups to investigate the possibility of 
developing strong, compact electrical insulators/thermal insulator systems related to energy equipment. 
The main objectives of this research were the testing of electrical insulator properties of epoxy resin beneath 
differences of electrical field tension to evaluate their strengths and to compare epoxy resin with nano-composite 
zinc oxides. In the case of defective electrical insulators, this will come from mechanical and thermal defects of 
thermal insulators, which increased with the addition of nano-composite substances. This research assists the 
insulator to becomes mechanically stronger as well as being more durable against the increasing heat even if the 
amount was smaller than that of the thermal insulators, but can also withstand the high voltage [3], [4]. Thus, 
research details analyze the thermal insulator systems composed of nano-composite substances, lead to new 
innovative solutions for thermal insulation systems in their variety of applications. 
2. Experimental Preparations  
(a)           (b) 
Fig 1. (a) front view and (b) isometric view of specimen 
The materials used for these tests were chemical epoxy resin substances fabricated at Khon Kaen High Voltage 
Engineering Research Laboratory, Thailand. The reason for this choice of materials in this experiment was due to 
the properties of this solid insulator because of durable against heat and widely used in the industrial works. These 
insulators could be used as a sample of the solid insulator in the experimental studies. This epoxy resin contains the 
following doped ratios of solid substances (solid substance 1: Resin 500 by weight). These resins would change in 
phase from liquid to solid by pouring to a silicon mold. These samples would harden into a solid insulator within 24 
hours. The work material used in testing was designed to be a square with an area of 50 mm2 and a thickness of 10 
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mm, respectively. Electrode terminals constructed a copper with a diameter of 0.50 mm and the positive terminal 
was located at the center of the work with a length of 33 mm. The negative electrode terminal (ground) was 
designed to be a circle with a diameter of 35 mm.
The destruction was tested by using positive and negative impulse voltage with solid insulators. For testing, these 
solid insulators by using a positive and negative impulse voltage were connected them at the electrical terminals. 
These materials are used in these tests to study the destruction that occurred on insulator surfaces by feeding 
alternative current voltage of 0-15 kV into Cockcroft-Walton direct current electrical generators and the generating 
the voltage levels from 0-80 kV. The impulse generator would generate the positive or the negative impulse voltage 
up to 115 kV. These experiments were recorded images of insulator surface destruction along with an oscilloscope 
for a joint analysis with a microscope with magnification levels of 20-800X. Thereafter, the positive and the 
negative impulse voltage of 75 kV were fed for 0-20 times or more for each typical example until the surface of the 
work were damaged, as the voltage levels of 75, 90, 98 and 115 kV were tested voltage levels. These voltage levels 
could destroy the insulator surfaces, which can be measured the wave form for destruction period values. 
Experimental Preparations  
The experiment was conducted by applying positive and negative impulse voltage to the insulators, doped with 
zinc oxides in ratios of 0, 5, 10, 15 and 20%, respectively. These specimens were connected to the positive and the 
negative impulse voltage for 0-20 times or more until the surface on the specimen will be damaged, with varying the 
high impulse voltage levels of 75, 90, 98 and 115 kV 
 
 
Fig. 2 equipment setup at Khon Kaen high voltage engineering research laboratory 
No. 1: Step up transformer of 220 V/15 kV, No. 2: Cockcroft-Walton circuit voltage generator, No. 3: High voltage impulse generator (5-Stage, 0 
– 90 kV/Stage, mark’s type), No. 4: Voltage divider (1:1000 Foster Company, England), No. 5: The specimen, and No. 6: Oscilloscope Tektronix 
3315 
3. Experimental Results and Discussions 
Experimental results can be categorized into 2 cases as follows: Case 1: The pure epoxy resin specimen without 
ZnO. In this case, the specimen was easily damaged like a glass, by using the positive or the negative impulse 
voltage. These results were observed from the first breakdown rapidly occurrences and the period of the insulator 
observed the surface destruction according to the applied voltage, which could be observed from the first breakdown 
with the values, of 75, 90, 98 and for 115 kV. It could be observed the number of times of the breakdown until the 
typical damage periods. 
Case 2: The epoxy resin specimen doped with ZnO ratios 5, 10, 15 and 20% by applied the positive or the 
negative impulse voltage, first the breakdown occurrences would occur on the top part of insulator surfaces with 
epoxy resin. It was found that there were cracks caused by different degrees of destruction and those of large 
destruction periods. It could be observed regarding first breakdowns that would happen of positive impulse polarity 
75, 90, 98 and for 115 kV and the destruction periods were lower than that of the negative impulse voltage, it could 
be noticed that regarding the number of times of the first breakdown, it will increase according to the voltage levels, 
destruction periods also increased according to the voltage levels, and the final destruction periods of the negative 
impulse were higher than that of the positive impulse voltage. 
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(a). positive impulse voltage                       (b). negative impulse voltage 
Fig. 3 specimen without the ZnO and with radius of damage (a) 2.794 mm and (b) 2.971 mm 
Table 1: Typical of crack damage tree of positive polarity impulse 
 
Fig. 4. efficiency comparison between five cases 
It can be concluded that the 10-20% ratios, these ratios were easily destroyed. This is shown surface of damage 
epoxy resin in table 1. It could be observed in fig. 4 that the ratio of 20% zinc oxide mixed was more easily 
destroyed than that of the other ratios, which was different from the ratio of 5% zinc oxide. It was seen that insulator 
surface destruction was harder than for other cases. These could be observed from the number of times of the 
positive and the negative impulse voltage polarity, where the negative impulse voltage destruction periods of the 5% 
ratio, 75 kV, where the first breakdown occurred on the twelfth time had a destruction period of 1.689 mm and the 
destruction periods of the 20% ratio, where the first breakdown happened on the second time had a destruction 
period of 3.432 mm. As for destruction periods of ratios in the other cases, destruction periods were according to the 
doped of zinc oxides and raised voltage. It was found that the doped of zinc oxide doped in low ratios that suitable 
for creating good insulator properties either positive and negative impulse voltage than that of the other cases. 
4. Conclusion 
The characteristics of epoxy resin doped nano-composite under the positive and negative standard impulse 
voltage at the level of 75, 90, 98, and 115 kV was investigation in this work. The insulation property of 5% zinc oxides 
nano-composite doped epoxy resin tested by negative impulse voltage had better than others. The first breakdown of 
specimens with ratio of 0, 10, 15 and 20% was rapidly than that for the ratio of 5%, even though the 5% has a higher 
final destruction period than other cases. 
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